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ABSTRACT
We outline a full-scale search for galaxies exhibiting double-peaked profiles of promi-
nent narrow emission lines, motivated by the prospect of finding objects related to
merging galaxies, and even dual active galactic nuclei candidates as by-product, from
the Large Sky Area Multi-object Fiber Spectroscopic Telescope (LAMOST) Data Re-
lease 4. We assemble a large sample of 325 candidates with double-peaked or strong
asymmetric narrow emission lines, with 33 objects therein appearing optically resolved
dual-cored structures, close companions or signs of recent interaction on the Sloan Dig-
ital Sky Survey images. A candidate from LAMOST (J074810.95+281349.2) is also
stressed here based on the kinematic and spatial decompositions of the double-peaked
narrow emission line target, with analysis from the cross-referenced Mapping Nearby
Galaxies at the Apache Point Observatory (MaNGA) survey datacube. MaNGA en-
ables us to constrain the origin of double peaks for these sources, and with the IFU
data we infer that the most promising origin of double-peaked profiles for LAMOST
J074810.95+281349.2 is the ‘Rotation Dominated + Disturbance’ structure.
Key words: galaxies: active – galaxies: interactions – galaxies: nuclei
1 INTRODUCTION
In the hierarchical Λ cold dark matter cosmology, galaxy
mergers represent a cornerstone stage in the structure forma-
tion of galaxies, since most bulge-dominated galaxies are be-
lieved to harbour a central supermassive black hole (SMBH),
binary SMBHs would be the inevitable outcome of the cur-
rent Λ CDM cosmological paradigm. Discoveries of merging
galaxies or dual active galactic nuclei (AGNs) are helpful
both for understanding galaxy evolution and for exploring
fundamental physics. As the frequency of occurrence and the
statistical properties of dual AGNs would provide the help-
ful insights into the hierarchical merger paradigm of galaxy
evolution and the influence of mergers on AGN fueling (e.g.
Ellison et al. 2011; Liu et al. 2012). The merger of mas-
sive galaxies can also invoke a series of phenomena which
are rather different from those expected from single SMBH,
such as the formation of large elliptical galaxies (Hoffman &
Loeb 2007), stimulation of quasars’ activity and the SMBH
growth (Hopkins et al. 2005), and the possibly observable
? E-mail: lal@nao.cas.cn
strong bursts of gravitational radiation (Hoffman & Loeb
2007).
The search for merging galaxies and AGNs has therefore
received great attention, method utilizing the double-peaked
narrow emission lines regions of object spectrum has been
explored in candidates search. As we know, if two galaxies
merger to kpc scale, and the adjacent narrow line regions
(NLRs) are sensed by a single spectrograph slit or fiber,
double-peaked emission lines would appear in the spectra
for two cores, thus providing the potential for finding binary
or dual AGN candidates at intermediate separation that can
not be spatially resolved. AGNs with double-peaked nar-
row emission-line features have been discovered since the
1980s (e.g. Heckman et al. 1981, 1984; Keel 1985), and were
mainly associated with outflows or rotating NLRs (Greene &
Ho 2005). Since the suggestion that double-peaked emission
line profiles could also be produced by merging galaxies and
AGNs (Wang et al. 2009), more efforts have been invested
into the search for related objects and study of the statistical
properties of double-peaked emission line candidates on the
basis of several fundamental issues exhibiting an influence on
the evolution of galaxies and AGNs (e.g. Wang et al. 2009;
Liu et al. 2010; Smith et al. 2010; Ge et al. 2012). To date,
c© 2018 The Authors
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there are no more than 30 resolved dual AGNs reported (e.g.
Deane et al. 2014; Mu¨ller-Sa´nchez et al. 2015), which should
be confirmed through high-resolution imaging by X-ray or
radio observations. Some convincing examples were discov-
ered serendipitously, such as OJ 287 (Sillanpaa et al. 1988;
Lehto & Valtonen 1996), LBQS 0103-2753 (Junkkarinen et
al. 2001), NGC 6240 (Komossa et al. 2003), 3C 75 (Hud-
son et al. 2006), 0402+379 (Rodriguez et al. 2006), Mrk 463
(Bianchi et al. 2008), COSMOS J100043+020637 (Comer-
ford et al. 2009), NGC3393 (Fabbiano et al. 2011), NGC 326
(Hodges-Kluck & Reynolds 2012), PG 1302-102 (Graham et
al. 2015). Additional dual AGNs were confirmed with the
help of detecting parent samples with double-peaked nar-
row emission lines. Liu et al. (2013) confirmed the binary-
AGN scenario for two targets with high-resolution optical
and X-Ray imaging from a parent sample of Type 2 AGNs
with double-peaked narrow emission lines. Based on a par-
ent sample of 340 unique AGNs with double-peaked nar-
row emission lines identified in Sloan Digital Sky Survey
(SDSS) at 0.01 < z < 0.7, Comerford et al. (2015) iden-
tified six dual AGNs and dual/offset AGNs using X-rays,
including an extremely minor merger (460:1) that may indi-
cate a dwarf galaxy hosting an intermediate mass black hole.
Mu¨ller-Sa´nchez et al. (2015) also confirmed the presence of
dual AGNs in three galaxies using the optical long-slit spec-
troscopy and high-resolution multi-band Very Large Array
(VLA) observations.
As it has been reported, other processes not related to
merging galaxies or AGNs can also potentially explain the
phenomenon of narrow double-peaked emitting, including
disturbed NLRs involving biconical outflows (e.g. Gelder-
man 1994; Fischer et al. 2011; Shen et al. 2011; Fu et al.
2012), the local interaction of radio jets with NLR clouds
(e.g. Rosario et al. 2010), rotation-dominated regions with
disturbance or obscuration (e.g. Nevin et al. 2016; Mu¨ller-
Sa´nchez et al. 2015), special NLR geometry, or a single AGN
illuminating the interstellar media of both galaxies (see Xu
& Komossa 2009). Besides the dual AGN candidates that
can be expected, the active galaxies that own NLRs with dis-
turbed kinematics, which manifest as double-peaked emis-
sion lines profiles, can also enable us to probe the origin of
disturbed NLRs and indicate complex dynamical processes
related to the AGN feeding and feedback (Nevin et al. 2016;
Mu¨ller-Sa´nchez et al. 2015). Mu¨ller-Sa´nchez et al. (2015) has
critically investigated the nature of the ionizing sources of
18 optically identified double-peaked AGNs from SDSS, and
pinpointed the origin of the double-peaked emission features
for these samples based on optical long-slit spectroscopy and
high-resolution (∼ 0.2 arcsec) VLA multi-band observations
in the range of 8-12 GHz. Among these, only ∼ 15% of the
sources are produced by dual AGNs, and gas kinematics
would account for ∼ 75% of the double-peaked narrow emis-
sion lines, while the remaining 10% are ambiguous cases.
Furthermore, Nevin et al. (2016) have created a classifica-
tion criteria for kinematic origin of double-peaked narrow
emission line targets based on optical long-slit spectroscopy
of a complete sample 71 double-peaked AGNs at z < 0.1 in
SDSS.
Despite the low dual AGNs confirmation rate from
follow-up spatially observations of the reported double-
peaked emission-line candidates (e.g. Shen et al. 2011; Com-
erford et al. 2012), the confirmed systems and investigation
of kinematic nature from double-peaked narrow emission
line candidates still lend strong support to the implications
and significance of systematically searches for double-peaked
narrow emission line objects(e.g. Blecha et al. 2013; Liu et
al. 2013; Comerford et al. 2015).
In this paper, we carry out a full-scale search in
the LAMOST DR4 database for galaxies and AGNs with
double-peaked emission-line features exhibited by typical
emission lines, including Hβ, [O iii], Hα and [N ii]. With rea-
sonable criteria for fluxes, velocity shifts, width and intensity
ratios of narrow lines and careful visual inspection, we es-
tablish a large sample of 325 candidates. In Section 2, the
LAMOST spectroscopic observation is introduced and the
selection procedures, adopted criteria and final samples are
described. In addition, we critically inspect SDSS images for
the selected targets and display interesting results in Section
3. A cross-referenced target with MaNGA and relevant anal-
ysis on its origin of double peaks feature is stressed in Sec-
tion 4, followed by a brief summary in Section 5. We adopt a
standard cosmology of ΩM=0.3, H0=70 km s
−1Mpc−1, and
ΩΛ=0.7 throughout the work. All quoted wavelengths are
presented in vacuum units.
2 OBSERVATION AND SELECTION
2.1 LAMOST Survey
LAMOST (also called the Guo Shou Jing Telescope) is a
4 meter quasi-meridian reflecting Schmidt telescope, with
4000 fibers mounted on its focal plane, exhibiting high spec-
tral acquisition rate (see Cui et al. 2012). Its spectral range
extends from 3700 to 9000 A˚ with a resolution of R ∼ 1800.
After a two-year commissioning phase and one-year pilot
survey, the LAMOST regular surveys were initiated in Oct
2012. It focuses mainly on Galactic stars survey, but also ob-
serves a significant fraction of extra-galactic targets (Liu et
al. 2015), which consist of two main parts: a galaxy survey
and a QSO survey. For galaxies, the surveying area is split
into two regions (to avoid Galactic plane). One is in the
Northern Galactic Cap (NGC) region, which shares foot-
print with the SDSS Legacy Survey, aiming to observe the
SDSS main sample galaxies (with r <17.75), which are failed
to be spectroscopically observed due to SDSS fiber collision
(Stoughton et al. 2002), such “missed” targets are referred
to as complementary galaxy samples in the LAMOST sur-
vey. The other region of the LAMOST galaxy survey is the
Southern Galactic Cap (SGC), the team has a long-range
goal of galaxy surveying in the LAMOST SGC footprint
(with b < - 30◦ and δ > - 10◦), aiming to observe galax-
ies with with r <18, and a subset of blue galaxies down
to r <18.8. Apart from these two well-defined parts, some
bright-infrared galaxies are also selected as extra survey-
ing targets which are chosen from infrared surveys such as
WISE, IRAS and with Herschel. The LAMOST DR4, based
on the pilot survey and the regular survey from OCT 2011
to JUNE 2016, has collected ∼ 117000 galaxy and ∼ 36000
QSO spectra.
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2.2 Sample and Method
Our parent sample is the LAMOST DR4 galaxy and QSO
dataset, which includes objects (153348 in total) spectrally
classified as galaxies or QSOs by the LAMOST pipeline. The
spectra with redshift larger than 0.8 are removed from our
sample, guaranteeing that the prominent [O iii]λ5007 emis-
sion lines are included in the wavelength coverage. As for
LAMOST data product, the signal-to-noise (S/N) is defined
by using the concept of inverse-variance, the mean S/N in a
wavelength band can be averaged from the S/N of each pixel
in the band range, and mainly represents the uncertainty of
spectra continuum, see more in Luo et al. (2015). Since it is
possible to show strong emission lines despite a noisy spec-
trum, we impose a loose signal-to-noise (S/N) cutoff (S/N >
2) to avoid missing noisy but interesting objects. In light of
the uncertainty of EW calculation brought about by mea-
surement errors, noise and inaccurate estimation resulting
from uniform-length wavelength-window adoption for dif-
ferent emission line widths of spectra with low S/N, the
selection criteria for emission-line candidates is temporar-
ily more relaxed than it was in previous works (see Shi
et al. 2014), the galaxies and QSOs with EW(Hα) <-3 A˚
and EW([O iii]λ5007 < 0 A˚ (here negative equivalent width
stands for emission lines) are selected for the subsequent
steps. The number of spectra satisfying the above criteria
amounts to 55082. As an initial screening step, we conduct
a thorough and strict visual inspection of these remaining
spectra, with the purpose of finding candidates displaying
well-detected double-peaked or strong asymmetric profiles in
the region of several key emission lines, the lines considered
here are Hβ-[O iiiλλ4959,5007 and Hα-[N ii]λλ6548,6584. As
for the Hα-[N ii] set, since their rest-frame wavelengths are
proximately located, it is likely that their multi-components
may blend with each other and would exhibit complex fea-
tures. It is also requested that the split or asymmetric fea-
tures show similar trend for all the interesting narrow emis-
sion lines of each selected spectra. After this narrow filtering,
we limit the sample to 1324 spectra.
The LAMOST spectra are taken through fibers with a
fixed 3.2 arcsec aperture, large enough to let through the
light from nucleus and the stellar component from the host
galaxy, for instance, a 3 arcsec aperture would subtend about
4 h−1 pc for a sample at a median redshift (z = 0.1), galaxies
with higher redshift would exhibit more host galaxy compo-
sition in their observed spectra, which need be subtracted for
more reliable emission-line analysis. Here, we resort to a stel-
lar population synthesis program named STARLIGHT to es-
timate the underlying continuum. Prior to the STARLIGHT
process, we also complete the foreground extinction correc-
tion using the reddening maps from Schlegel et al. (1998)
and measure the systemic velocity of each galaxy for the
following operations.
Most of our objects spectra exhibit stellar absorption
features over the observed spectral range, we fit the stellar
lines to derive the systemic velocity. The template is derived
from 100 absorption-lines galaxy spectra from LAMOST,
which own high-precision redshift (their z offset between
LAMOST and cross-referenced SDSS spectra is smaller than
10−5). We adopt the redshift from LAMOST pipeline as the
initial guess, and take trial values that are advanced in steps
representing the pixels of each spectrum. For each trial red-
shift, we fit the stellar lines with the synthesized template,
at the rest-frame spectral region 5100-5950A˚, containing the
MgB and NaD lines, and get their reduced χ2 value. A χ2(z)
curve can be defined in the probed redshift range and the
best absorption line redshift is determined by the fit hav-
ing the minimum χ2 value. We also reject the output for
spectra whose χ2 valley is not well-defined. The uncertainty
of the redshift is evaluated by the width of the χ2 mini-
mum at which the ∆χ2 equals 1. The host redshifts are de-
rived with an average uncertainty of 28 km s−1 for sample
in the rest frame. For galaxies with failed χ2 fit, or without
clear signs of absorption lines, the redshifts and stellar ve-
locity dispersions from LAMOST pipeline are adopted. As
LAMOST conducts the spectroscopic survey without pho-
tometric cameras equipped, it could only offer relative flux
for each object, the stellar spectra created by STARLIGHT
is weighted with a cubic polynomial here (if necessary) to
compensate the continuum uncertainty brought by existing
reddening and flux calibrating discrepancy, without affecting
the absorption- and emission-line features.
Pure emission-line spectra is composed of three kinetic
component groups, including the narrow emission lines (Hβ,
[O iii], Hα and [N ii]), [O iii] wings and broad Balmer emis-
sion lines. We set up three models to describe each emis-
sion line: single gaussian for only one component, double-
gaussians for the blueshifted and redshifted systems (here
we refer to the emission-line component at lower redshift
as “blueshifted system”, and the part at higher redshift as
“redshifted system”) and three-gaussians for emission lines
comprising two components and a wing ([O iii]) or broad
balmer component (Hα, Hβ). For each spectrum, we select
the fitting regions manually, shielding out the side-effects
possibly brought by interfering lines nearby and reducing
the fitting sensitivity to uncertainties from the continuum.
As for the multi-gaussians fit, the procedure assumes a con-
sistent velocity width for all three categories, Hα and Hβ,
[N ii]λλ6548,6584 and [O iii]λλ4959,5007 respectively, based
on their different excitation mechanisms (Bolton et al. 2012),
and comparable velocity offsets between blueshifted and
redshifted components for Hβ-[O iii]λλ4959,5007 and Hα-
[N ii]λλ6548,6584 lines set, with velocity shifts and widths
for [O iii] wings and broad Balmer component being ad-
justable in the fittings. Fluxes for all fitting components are
set free, except for the 3 : 1 intensity ratio of [N ii]λ6584
to [N ii]λ6548 and [O iii]λ5007 to [O iii]λ4959, required
by atomic physics (see Osterbrock & Ferland 2006), and all
FWHMs are corrected for the instrumental resolution. The
fit is optimized in a non-linear least-squares fashion and the
model which has the smallest reduced χ2 is taken as the final
selection. We inspect each fit and find 362 objects achiev-
ing a good profile fit using the multi-gaussians model in this
procedure.
The separation between the blueshifted and redshifted
system should be large enough to reveal reliable double
peaks or strong asymmetric feature. In light of the consis-
tent spectral resolution between LAMOST and SDSS spec-
tra, the criteria for selecting candidates in Ge et al. (2012)
also holds for spectra from LAMOST:
∆V/FWHMmin > 0.8, or ∆V > 200km s
−1,
where ∆V represents the relative velocity gap
between the redshifted and blueshifted system,
MNRAS 000, 1–?? (2018)
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Figure 1. Gaussian decomposition for spectra example of double-
peaked galaxies and asym narrow emission-lines galaxies, respec-
tively. Both panel zoom into the Hβ, [O iii] and the Hα-[N ii]
regimes, and display the multi-gaussians fit for these narrow
emission lines. The upper panel represents a double-peaked sam-
ple, while the lower panel reveals an example of the asymmetric
emission-line galaxies. The blue and red lines in both panels repre-
sent the blueshifted and redshifted component, respectively, with
the carmine lines showing intermediate broad components, and
the green lines representing the final fitting model.
FWHMmin = min(FWHMr,FWHMb), FWHMr and
FWHMb are FWHMs of the two components, respectively.
This criteria in Ge’s work is defined using the Monte
Carlo simulations to maximally select potential galaxies
with double-peaked profiles, unavoidably covering many
asymmetric emission-lines sources. After this screening, 325
targets are obtained. Among these, 188 objects exhibit a
clear “trough” in their profiles, while the other 137 ones
show obvious asymmetric features. Figure 1 displays a zoom
on the two sets of Hβ, [O iii] and Hα-[N ii] complexes for
double-peaked and asymmetric samples, respectively.
There are about four prior works on double-peaked or
dual candidates searches within SDSS survey (see Wang et
al. 2009; Liu et al. 2010; Smith et al. 2010; Ge et al. 2012)
and one relevant searching work based on LAMOST DR1
dataset (see Shi et al. 2014). Samples in this paper has al-
ready excluded the overlapping 20 objects presented by Shi.
Since it has been reported in Ge’s work, his catalog cov-
ers all the known candidates from the SDSS galaxy samples
(DR7), we cross reference our selected 325 targets with the
ones provided in his work, and find 85 objects included, the
remaining 240 objects are firstly reported as double-peaked
or asymmetric narrow-line galaxies here. Within our cata-
log, 101 targets are spectroscopically observed for the first
time by LAMOST.
2.3 BPT Classification
As the blueshifted and redshifted components originate from
different ionization mechanisms, the nature of each compo-
nent is diagnosed by examining its location in the Baldwin-
Phillips-Terlevich (BPT) diagram (Baldwin et al. 1981),
which can be divided into star-forming (SF) galaxies, com-
posite galaxies, LINERs and Seyferts. Here we assume that
if a galaxy displaying prominent broad Balmer lines (Hα and
Hβ), and at least one of its narrow emission-line components
falls into the Seyfert category after subtracting the broad
component, it would harbour at least one broad-line AGN
composition. The FWHM criteria from Hao et al. (2005) is
chosen to select the broad-line AGN.
FWHM(Hα) > 1200km s−1 and hHα,broad/h¯Hα,narrow > 0.1,
or
FWHM(Hα) > 2200km s−1,
where h¯Hα,narrow = (hHα,red +hHα,blue)/2 is the mean height
calculated from the flux of blueshifted and redshifted nar-
row components of Hα, and FWHM(Hα) stands for the
FWHM of the broad Hα lines. There are 18 objects in the
presented sample are identified as the broad-line AGNs. In
figure 2 we show the sample in the BPT diagram (with the
broad-line AGNs selected above are excluded), with the red-
shifted and blueshifted components are illustrated by dif-
ferent colors and symbols respectively, the AGN and star-
forming (SF) galaxy dividing lines developed by Kauffmann
et al. (2003) and Kewley et al. (2001) are plotted as well.
The AGN component selected under Kauffmann’s law would
contain these AGN and starburst composite galaxies, which
take a large share of the sample, while the AGNs created
from Kewley’s criteria would include only the unambigu-
ously AGN-dominated objects, here we employ Kewley’s law
for samples’ sort and subsequent statistical analysis. Galax-
ies with relevant weak emission lines (i.e., emission lines with
their amplitudes detected with less than 3σ significance) and
those with redshifts large than 0.39 (Hα and [N ii] lie beyond
the coverage of LAMOST spectra) are omitted in the dia-
gram and are defined as type ‘unknown’, the amount of these
unknown spectra is 11. To distinguish the Seyferts from LIN-
ERs, we employ an alternative dividing line derived from Cid
Fernandes et al. (2010), which proposes a more economical
and simpler Seyfert/LINER division diagnosis than Kewley
et al. (2006), without the use of extra emission lines and thus
avoiding the loss of information for more emission-line sam-
ples. The border is described by the equation below, and
it does a good job in translating the Kewley et al. (2006)
Seyfert/LINER classification to the BPT diagram.
log10([OIII]/Hβ) = 1.01 ∗ log10([NII]/Hα) + 0.48.
As the blueshifted and redshifted components for each dou-
ble peaks could be driven by different mechanism, there exist
several grouping combinations for these candidates. In our
sample, there are 28 2-Seyfert II AGNs, 10 2-LINERs, 18
LINER+Seyfert II objects, 204 2-SF ones, 13 SF+Seyfert II
objects and 23 SF+LINER ones. In summary, this search
finds 325 double-peaked narrow emission-line galaxies, and
therein 28 dual AGN candidates and 49 offset AGN can-
didates (one AGN in a merger system)(see Comerford &
Greene 2014). Table 1 lists the velocity offsets, the FWHMs
of the two components, also the observation report, and BPT
type for the sample, it is organized according to classifica-
tion type. We compare the fraction of dual/offset AGN can-
didates in our sample of 325 galaxies with the corresponding
fraction in Ge et al. (2012). These authors classify Seyfert
MNRAS 000, 1–?? (2018)
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Figure 2. BPT diagram of blueshifted and redshifted compo-
nents of the selected sample. The green solid and yellow dotted
lines represent the classification lines suggested by Kewley et al.
(2001), and Kauffmann et al. (2003), respectively, and the pink
dotted lines represents the alternative borderline suggested by
Cid Fernandes et al. (2010) for Seyfert/LINER classification. The
blue cross symbol represents the blueshifted component, and the
red dot symbol corresponds to the redshifted component, of each
selected target.
II galaxies and LINRS Type II AGNs, while in our work, we
only refer to the ones with Seyfert II feature as AGN candi-
dates, we use the same classification as it is mentioned in his
work, and find that the dual/offset AGN candidates’ frac-
tion in our sample is ∼ 35%, which is approximately equal
to the value ∼ 36% in his work.
3 SDSS IMAGES OF THE SAMPLE
Based on the selected sample, we visually examine all the
cross-referenced SDSS images to dig out the galaxies with
dual-cored, close companions or other interesting features.
Only three of our objects are outside the SDSS photometric
footprint. The redshifts of our sample mainly locate around
0.1. At this redshift, projection distance 10 kpc corresponds
to ∼ 6 arcsec. Considering the SDSS image resolution of ∼
1.4 arcsec, we look for the sources which harbour potential
dual cores within ∼ 7 arcsec to identify interesting objects,
and for the objects whose secondary core has been spectro-
scopically observed by SDSS, we check the recessional veloc-
ity difference between the primary and the secondary core
to ensure it is smaller than 500 km s−1(e.g. Patton et al.
2000), thus excluding the possible pseudo dual cores caused
by projection effects, such as the foreground and background
galaxies. The suspected sources with unreliable photometric
flags assigned by SDSS are also ruled out. Eventually we find
33 visually interesting sources. Figure 3 lists the SDSS multi-
color images of these objects, and table 2 displays the related
information and analysis notes for these sources. Among
these 33 objects, eight targets are spectroscopically observed
for the first time by LAMOST, five targets are endowed with
both spectra for the primary and secondary cores, three ob-
jects have the spectra for the counterpart core with respect
to the LAMOST targets, while eighteen sources own the
spectroscopic observations both from LAMOST and SDSS
surveys. The other unsolved objects in the SDSS images,
may also be potential candidates for merging sources at pro-
jection distance less than 5 kpc, based on their redshifts. It
is worth mentioning that there are 7 dual/offset AGN candi-
dates showing signatures of interactions, which are the most
promising dual/offset AGN candidates found in our study,
and their designations are emphasized with upper-right sym-
bols in table 2. These objects amount to a fraction of ∼
9% with respect to our 77 dual/offset AGN candidates, and
considering the non-negligible sample selection bias in two
studies, it is basically consistent with the dual AGNs’ con-
firmation rate (3/18) in Mu¨ller-Sa´nchez et al. (2015), based
on optical long-slit spectroscopy and high-resolution VLA
multi-band observations. We need stress here that confirma-
tion of dual structures needs unambiguous spatial resolution
of the two individual cores, hence, the sample collected here
could not fully exclude the potential influence of kinemat-
ics of the NLRs and other possible triggering mechanisms.
Therefore, high resolution imaging is needed to help confirm
the presented observations.
4 MANGA OBSERVATIONS
4.1 MaNGA Survey and a Cross-referenced
Target
The MaNGA survey is one of the the three projects within
SDSS-IV. Unlike previous SDSS surveys which obtained
spectra only at the centers of target galaxies, MaNGA
enables spectral measurements across the face of each of
10,000 nearby galaxies thanks to 17 simultaneous “integral
field units” (IFUs), each composed of tightly-packed arrays
of optical fibers, it makes spatially resolved maps of individ-
ual galaxies using the Sloan spectrographs for the first time.
SDSS DR14 has released the second spectroscopic data set
comprising 2812 MaNGA galaxies (including ancillary tar-
gets and ∼ 50 repeated observations) and associated spec-
trophotometric calibration stars (see Bundy et al. 2015).
We cross reference the MaNGA catalog with our se-
lected 325 objects requiring a positional match better than
5 arcsec, and identify a single target, whose unique MaNGA
ID is 1-556501. It is selected from the MaNGA primary sam-
ple, and is observed with a size-matched IFU in diameter of
12 arcsec (19 fibers) on 2015 November 12. Nine exposures
are taken for a total integration time of 8100.87 s. The target
data is processed using the standard MaNGA Data Reduc-
tion Pipeline (DRP) version 2.1.2. In the LAMOST survey,
the designation for this target is J074810.95+281349.2 (OB-
SID 260303072), and is observed on 2014 November 5.
MaNGA provides spatially resolved spectra, which are
complementary to the LAMOST spectra, and together they
can enable us to constrain the origin of double peaks for a
given galaxy. As has been discussed, the double-peaked nar-
row emission lines can be produced by kpc-scale dual AGNs,
disk rotation and the NLR structure of biconical AGN out-
flows, while we are unable to directly identify dual AGNs
MNRAS 000, 1–?? (2018)
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Figure 3. SDSS color composite images for 33 candidates, with dual-cored features, close companions or signs of recent interaction. The
scale bar of each picture in the upper left corresponds to 5 arcsec. Each picture is centered to the coordinates of LAMOST spectra and
has the same orientations (north is up and east is left). LAMOST designation for each target is also tagged.
with IFU data alone, we could explore their potential kine-
matics.
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Table 1. The Sample
DESIGNATION z ∆VHβ−[OIII] FbHβ F
r
Hβ F
b
[OIII]
Fr
[OIII]
∆VHα−[NII] FbHα F
r
Hα F
b
[NII]
Fr
[NII]
FbroadHα BPT type flag
2-Seyfert II
J111201.79+275053.9 0.04733 323 319 298 257 358 317 298 422 324 389 * 1 1
J093144.80-022855.3 0.14409 419 400 327 325 342 390 327 330 345 347 * 1 2
J103600.37+013653.5 0.10694 227 320 263 321 207 217 263 322 294 295 * 1 0
2-SF
J081605.05+185141.2 0.08081 212 241 227 207 195 199 227 208 220 225 * 2 1
J013614.92+031356.9 0.08750 193 187 216 223 205 204 216 216 230 228 * 2 2
J141712.05+274315.5 0.12883 179 187 198 120 189 173 198 201 200 178 * 2 0
J080922.38+174556.1 0.04489 182 239 271 186 195 172 271 216 294 223 * 2 0
2-Liner
J105103.27+005916.0 0.09163 191 143 143 242 212 191 143 202 272 251 * 3 0
J224449.41+154249.6 0.08487 279 374 374 361 199 279 374 347 338 412 * 3 2
J092333.10+131059.1 0.09027 238 245 245 195 167 238 245 315 308 386 * 3 1
Broad-line AGN
J091544.18+300922.1 0.12916 278 367 336 283 284 279 336 242 273 291 1757 4 1
J085821.10+331631.0 0.07338 234 322 321 215 215 217 321 250 291 268 1733 4 0
J164840.15+425547.6 0.12892 178 157 206 238 298 174 206 280 181 310 2495 4 0
J141648.46+223520.1 0.14090 244 265 425 180 357 237 425 362 130 257 2689 4 0
SF+Seyfert II
J013219.98-014505.7 0.07748 177 124 237 238 212 183 237 277 239 266 * 5 0
J090021.12+524620.4 0.08524 234 211 268 262 148 208 268 204 285 219 * 5 1
J084204.59+420251.1 0.13031 186 261 214 283 171 206 214 208 148 224 * 5 0
Notes. b and r denote blueshifted and redshifted components. Column 1: LAMOST DR4 designation hhmmss.ss+ddmmss.s (J2000.0). Column 2: Redshift of the spectral observation.
Column 3: The velocity offset between the blueshifted and redshifted components of Hβ-[O iii] lines set relative to the systemic redshift, in units of km s−1. Column 4-7: FWHMs
of Hβ and [O iii]λλ4959,5007, respectively, in units of km−1. Column 8: The velocity offset between the blueshifted and redshifted components for Hα-[N ii] lines set relative to the
systemic redshift, in units of km s−1. Column 9-12: FWHMs for Hα and [N ii]λλ6548,6584, respectively, in units of km s−1. Column 13: For broad-line AGNs, the FWHMs of broad
Hα lines are provided. Column 14: The BPT classification types of the targets: the number from 1 to 8 represents the types 2-Seyfert II, 2-SF, 2-Liner, Broad-line AGN, SF+Seyfert II,
SF+Liner, Seyfert II + Liner and unknown separately. Column 15: flag for previously report, 0 represents that the source has already been spectroscopically observed by other surveys
but was missed by the previous searches, 1 stands for the one has been reported as dual-peaked galaxy candidate(see Ge et al. 2012), and 2 means that the target is spectroscopically
observed for the first time by LAMOST. Since LAMOST records only the relative flux, the flux of the lines is not listed. The average uncertainty for systemic redshift is ∼ 17 km s−1.
For Hβ-[O iii] and Hα-[N ii] lines set, the average statistical errors in the best-fit velocity offsets are ∼ 21 and ∼ 20, respectively, in units of km s−1, the average statistical errors in the
best-fit FWHMs are ∼ 11, ∼ 15, ∼ 9, ∼ 9 for Hβ, [O iii], Hα and [N ii] lines, respectively, in units of km s−1. (A portion is presented here for guidance regarding its content and form.)
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4.2 Analysis of MaNGA 1-556501
MaNGA uses IFU spectroscopy to measure spectra for hun-
dreds of points within each galaxy, thus it can map the de-
tailed composition and kinematic structure for each galaxy.
Spectra for a target can be extracted from the MaNGA
LOGCUBE, which has logarithmic wavelength sampling
from log10(λ/A˚)= 3.5589 to 4.0151 (NWAVE = 4563 spec-
tral elements), and re-sampled 0.5 arcsec spaxels. Here we
take the Hα and emission lines as an instance, figure 5 pro-
vides the observed spectra for the central 5×5 spaxels, cov-
ering a 2.5 arcsec × 2.5 arcsec region, the label (0,0) repre-
sents the innermost spaxel. As shown in figure 4, MaNGA
can provide the flux and profile variations for emission lines
within adjacent spatial pixels, the Hα and [N ii] lines show
distinct double-peaked features at the central spaxels, with
flux rations between the two components varying spatially.
We extract spectra from MaNGA LOGCUBE, and also
decompose it with multi-gaussian models. From the fitting
parameters, wavelength coverage for the blueshifted and red-
shifted components of each emission line can be determined,
and thanks to the IFU datacube, the narrow band images
of the two kinematic systems can be plotted respectively for
each decomposed emission-line. To visualize the associated
NLRs for each component more clearly, we resort to the nar-
row band image difference (here we subtract the redshifted
system part from the blueshifted one), see figure 5, which
shows that regions of narrow lines for the kinematic compo-
nents are spatially resolved, and for different lines, the core
detected for each component is located proximately. The
MaNGA IFU datacube enable us to obtain the flux centroid
for each component. We employ the Gaussian guadrics fit-
ting to model the narrow band difference and thus measure
the relevant centroids. To get the more accurate core coordi-
nates and better quantify the uncertainty of separation, we
choose emission lines for 3 sets (Hα, Hβ and [O iii]λ5007)
of 9 central spaxels (27 emission line samples in total) from
MaNGA LOGCUBE, and repeatedly calculate the flux cen-
troids using the scheme mentioned above, finally we identify
an average separation of 2.77 arcsec for the two components
with a standard deviation of 0.043 arcsec. The two centers
are separated by ∼1.6 kpc in physical projection at the dis-
tance of this target (z equals to 0.0271584 from MaNGA
DRP). We also derive the nature of two kinematic systems
by checking the ratios of the measured lines’ flux in BPT
diagram, the two components both fall into the composite
category, the flux ratio for this target provided by the ‘Emis-
sionlinesPort’ table in SDSS CasJobs also reveals it a com-
posite source. As it has been known that AGNs picked up by
Kewley’s criteria (theoretical separation lines) include only
those that are dominated by nuclear activity, while AGNs
selected via Kauffmann’s criteria (empirical separation lines)
would consist of AGN + starburst composite galaxies, this
indicates the existence of AGN in this target. The resolved
centers enable us to constrain the orientation and spatial
positioning of the NLR.
Blecha et al. (2013) has found that only a minority of
double-peaked narrow lines were directly induced by the rel-
ative motion of dual AGNs based on their hydrodynamic
simulations of galaxy mergers. Mu¨ller-Sa´nchez et al. (2015)
has critically investigated the nature of the ionizing sources
of 18 optically identified double-peaked AGNs from SDSS,
Table 2. The 33 objects of interest
DESIGNATION BPT OBS FEATURE
J012553.91-004811.1 2-SF 2 c
J012835.33+022652.1 SF+LINER 1 b
J014745.99+293329.9 2-SF 1 a
J071657.26+410029.5 2-SF 1 c
J071908.7+403341.7 SF+LINER 1 b
J073239.24+255403.3 SF+LINER 1 c
J073253.57+362541.6 2-SF 2 c
J074437.9+191453.0 SF+LINER 2 b
J080648.25+282516.7 2-SF 3 b
J083021.04+364627.1 SF+LINER 4 a
J085650.59+383929.4 2-SF 2 b
J090413.93+522655.4 2-SF 2 b
J090610.48+131224.9 2-LINER 4 c
J091652.26+031724.5 2-SF 2 b
J094020.59+320450.7 2-SF 1 c
J102834.12+030128.6∗ SF+Seyfert 2 b
J103600.37+013653.5∗ 2-Seyfert 2 b
J111117.46+192255.1 2-SF 2 b
J112121.34+182243.0 SF+LINER 2 a
J122105.25+113752.8 2-SF 2 c
J123516.73+044215.6 2-SF 3 c
J123600.85+100605.6 2-SF 2 b
J124327.83+232811.4 unknown 2 b
J125839.34+123842.0∗ Seyfert+LINER 2 a
J132308.89+271437.9 2-SF 2 b
J134003.64+193602.7 2-SF 4 c
J134330.04+090614.6∗ SF+Seyfert 2 a
J142522.3+141126.5∗ Seyfert+LINER 3 c
J142722.83+200549.3∗ Seyfert+LINER 3 c
J145731.02+070333.0 2-SF 2 a
J174849.85+255526.6 2-SF 1 a
J212713.49+010234.6 2-SF 3 b
J224146.13+040131.9∗ 2-Seyfert 1 b
Notes. Column 1: LAMOST DR4 designation hh-
mmss.ss+ddmmss.s (J2000.0). Column 2: spectroscopic ob-
servation type of the target, 1 stands for the targets which are
spectroscopically observed for the first time by LAMOST, 2 for
targets observed by both LAMOST and SDSS, 3 for sources with
primary and the possible secondary core observed both by SDSS,
4 for targets whose primary core is spectroscopically observed
by LAMOST, while their counterpart core is observed by SDSS.
Column 3: Feature analysis, “a” stands for dual-cored feature,
“b” for close companion in late pairing stage, “c” for more close
companions, some of which display tidal tails indicating a recent
interaction.
and pinpointed the origin of the double-peaked emission fea-
tures for a sample of 18 optically identified double-peaked
AGNs from SDSS, based on optical long-slit spectroscopy
and high-resolution VLA multi-band observations in the
range of 8-12 GHz. Among these, gas kinematics account
for ∼ 75% of the double-peaked narrow emission lines, while
the remaining 10% are ambiguous cases. Here we resort to
a kinematic classification technique introduced by Nevin
et al. (2016) to discuss the scenarios that give rise to the
double-peaked emission lines for this target. The quanti-
tative classification scheme is created upon the origin de-
termination of NLR for a complete sample of 71 Type II
AGNs at z < 0.1 with double-peaked features from SDSS
using the spatially resolved information from long-slit data
MNRAS 000, 1–?? (2018)
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Figure 4. MaNGA spectra for emission lines Hα and [N ii]λλ6548, 6584 at the central 5 × 5 spaxels. The blue solid lines represent the
extracted spectra from the MaNGA datacube. The vertical dashed lines indicate the wavelength centers of Hα and [N ii]λλ6548, 6584
lines excepted from the redshift provided by MaNGA DRP.
alone, it classifies a spectrum into “Outflow-dominated” or
“Rotation-dominated” kinematics, and subdivides outflows
as “Outflow Composite” and “Outflow” based on the number
of best-fitting Gaussian components, and further classifies
rotation-dominated spectra into subcategories of “Rotation-
dominated + Disturbance”, “Rotation-dominated + Obscu-
ration”and“Ambiguous”. The important properties for kine-
matic nature identification of a galaxy are the velocity dis-
persion of either blueshifted or redshifted component from
[O iii]λ5007 multi-gaussians fit, the line-of-sight velocity of
[O iii]λ5007 derived from the one Gaussian fit of the spectra,
the alignment of the [O iii]λ5007 line with the major axis
of the galaxy, and the number of Gaussian components in
spectral fitting.
We inspect the central 5 × 5 spaxels’ spectra across the
spatial extent of the galaxy from MaNGA LOGCUBE. For
each spectrum, we fit the two sets of emission lines Hβ-[O iii]
and Hα-[N ii] separately, and put consistent constraints on
redshift and width within each lines set, then find that gaus-
sians with similar widths and velocity offsets could remodel
the two sets of emission lines perfectly. As one example dis-
played in figure 6, two kinematic components plus [O iii]
wings can describe the Hβ-[O iii]λλ4959, 5007 lines well, for
the innermost spectra, the velocity gap for Hβ-[O iii] set
amounts to 264 km s−1, with a value greater by 9 than it
for the Hα-[N ii] complex, which is 273 km s−1 (see ta-
ble 3). For each of these 25 spectra from different spatial
positions, the blueshifted and redshifted components from
multi-gaussians fitting are both narrow, with a maximum
velocity dispersion of 203 and 177 km s−1 respectively, the
single Gaussian fitting for each [O iii]λ5007 line also reveals
that the maximum line-of-sight radial velocity is 139 km s−1,
far below the 400 km s−1 limit, which is employed to dif-
ferentiate “Outflow-dominated” from “Rotation-dominated”
kinematics, as it has been analysed in Nevin et al. (2016),
velocity constraints are the most powerful properties to dif-
ferentiate “Outflow-dominated” from “Rotation-dominated”
kinematics, since rotating structure should behave accord-
ing to Keplerian physics, thus, placing limits on the radial
velocity (Vr < 400 km s
−1) and velocity dispersion (σ1 and
σ2 < 500 km s
−1, Osterbrock & Ferland (2006)). In this
case, this double-peaked galaxy should not be classified as
“Outflow-dominated”. The SDSS color composite image for
MaNGA 1-556501 is displayed in figure 7, and no appar-
ent galaxies interacting can be seen from this image, which
also strengths the possibility of “Rotation-dominated” ori-
gin for this source. We derive the position angle (PAgal) (∼
78◦) of the major axis of the target from SDSS photome-
try, GALFIT (see Peng et al. 2002) is performed to decom-
pose this galaxy as a de Vaucouleurs core plus a exponential
disk in g-band. The spatially distinct blueshifted and red-
shifted components from [O iii]λ5007 narrow band difference
are overlaid on the GALFIT decomposition for this galaxy
in figure 8, where the blue line indicates the major axis of
photometry image, and the red line indicates the PA of the
[O iii]λ5007 line (∼ 81◦), which is denoted as PA[OIII]. It can
be clearly seen that the the two centers are aligned with the
major axis of the galaxy (PA[OIII] ∼ PAgal). Alignment of
the ionized gas with the stellar disk is a property of rotation-
dominated galaxies, this situation has been discussed in
Mu¨ller-Sa´nchez et al. (2015) and Nevin et al. (2016), where
the PA[OIII] for the NLR were obtained from optical long-
slit spectroscopy. Based on these properties, the most plau-
sible explanation for this galaxy is that the double-peaked
narrow emission lines are produced by rotational disk. Here
we use a definition of asymmetry from Smith et al. (2012)
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to distinguish between“Rotation-dominated + Disturbance”
and “Rotation-dominated + Obscuration” kinematics. The
ratio of the redshifted component to the blueshifted flux
component for each spectrum is derived from gaussian fit-
ting, with only 2 out of the 25 spectrums displaying a value
within 0.75 ≤ Fr/Fb ≤ 1.25, which is used as a criteria
in Smith et al. (2012) to classify their sample of “equal-
peaked” AGNs, here Fr is the flux of the redder gaussian
component and Fb is the flux of the bluer component. Al-
though their quantitative classifiction involves only double-
gaussians fitting, while for this target, the [O iii]λ5007 is
better fitted by two kinematic components plus a low flux
blue wing, we can see from figure 6 that the wing component
contributes little to the flux ratio between bluer and redder
components, thus the asymmetric value employed here is
still reliable. Considering the high degree of asymmetry of
the [O iii]λ5007, we further classify this target as a rotation
dominated object with asymmetric double-peaked features
due to disturbances from nuclear bars, spiral arms, or a dis-
turbed dual AGNs (e.g. Schoenmakers et al. 1997; Davies et
al. 2009; Blecha et al. 2013; Nevin et al. 2016). This model
can also nicely explain the consistency of velocity offsets, ve-
locity dispersions and relative asymmetric profiles between
Hα and [O iii]λ5007 emission lines, since Hα traces both the
NLR and stellar kinematics, and in the case of a rotation-
dominated NLR, the ionized gas kinematics should be iden-
tical to the stellar kinematics of stars in the disk, which has
also been verified in Nevin et al. (2016). The velocity maps
of Hα, Hβ and [O iii]λ5007 are provided in figure 9, which
show consistent velocity fields between these emission lines,
and provide strong kinematic evidence for our analysis on
this object.
5 SUMMARY
Our search is motivated by the prospect of discovering more
merging galaxies and dual AGN candidates, which are in-
teresting targets for detailed analysis. We set up a large
sample, composed of 188 objects with double-peaked narrow
lines and 137 targets displaying asymmetric profiles, based
on the LAMOST DR4 dataset. In addition, we provide 33
targets therein revealing meaningful features in the optical
images. Among these, there are 7 dual/offset AGN candi-
dates showing signatures of interactions, which are the most
promising dual/offset AGN candidates found in our study,
and the best candidates for follow-up analysis.
A target is further stressed based on the the spatial
and kinematic decompositions of the narrow emission lines
from both the LAMOST and MaNGA IFU spectroscopy.
Thanks to the high-spatial-resolution LOGCUBE provided
by IFU, we could track the emission line profiles across the
spatial extent of the target and further constrain the origin
responsible for the double peaks in this galaxy. Consider-
ing that its ionized gas emission is spatially coincident with
the major axis of the galaxy, and the kinematic decomposi-
tion of this target also reveals it as one object with narrow
kinematic components, low line-of-sight radial velocity and
high-degree asymmetric [O iii] profile, we conclude that the
most promising interpretation for the origin of double peaks
in LAMOST J074810.95+281349.2 is a ‘Rotation Dominated
+ Disturbance’ model.
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Table 3. MaNGA 1-556501 fit results
* Hβ [O iii]λ4959 [O iii]λ5007 Hα [N ii]λ6548 [N ii]λ6584
Blue System
∆V a -99 -99c -99c -97 -97c -97c
FWHMb 281 296 296c 283 307 307c
Red System
∆V a 165 165c 165c 176 176c 176c
FWHMb 264 272 272c 259 262 262c
Notes. a In units of km s−1. b In units of km s−1. Corrected for the instrumental resolution. cfixed.
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Figure 9. Velocity maps of Hα, Hβ and [O iii]λ5007, which are measured by gaussian profile fitting for each line separately, the stellar
continuum is removed prior to fitting procedure by using the PPXF code (see Cappellari & Emsellem 2004) and the MIUSCAT simple
stellar population models (see Vazdekis et al. 2012).
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